Our previous study has proven that tea polyphenol has a role in lung neoplasms. The present communication was to investage the anti-proliferation effect of tea polyphenol on the PG cells, which was a high metastatic human lung carcinoma cell line, by 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenytetrazoliumromide (MTT) cell viability assay, and to study the change of intracellular calcium concentration, connexin43 (Cx43) expression, gap junctional intercellular communication (GJIC) and cell cycle distribution after the tea polyphenol treatment by laser scanning confocal microscopy and flow cytometry. The results showed that 1) tea polyphenol could kill the PG cells in a dose-depent manner via inhibiting the PG cell proliferation and blocking the PG cell cycle progression staying in G0/G1 phase and not transfering in S and G2/M phases to reduce the PG cell proliferation index; 2) the increases of intracellular calcium concentration, GJIC and Cx43 expression were related with the tea polyphenol doses. The data suggested that tea polyphenol could inhibit the growth of PG cells, which mechanism was associated with the up-regulation of GJIC.
Introduction
Gap junction intercellular communication (GJIC) is an important cell-to-cell connection that plays a role in cell differentiation, growth control and maintaining body environmental balance [1] [2] [3] . GJIC can permit the transmission of growth-promoting or growth-suppressive factors, that has been traditionally implicated to be the major route by which gap junctions regulate cell growth [4] [5] [6] . Many studies have discovered that the GJIC can influence the occurrence and metastasis of cancer [7] [8] [9] [10] [11] .
Gap junctions are clusters of channels formed by the special type of proteins named connexins (Cx). They allow the less than 1 kDa molecules to pass directly between two adjacent cells [12] . The gap junction protein connexin43 (Cx43), which belongs to a large family of channel proteins consisting of at least 21 members, is expressed ubiquitously in the heart, muscle, brain and lung [13, 14] . Aberrant Cx43 expression has been found in several types of tumor [15] [16] [17] [18] [19] . Cx43 expression is associated with the tumor grade and proliferation. The 18 primary tumor sample screen revealed a low Cx43 expression in grade III and IV tumors [20] . Cx43 is one of the major common connexins and its homolog expressed in lung tissue [21] [22] [23] . Cx43 plays an important role in carcinogenesis and tumour metastasis [24] [25] [26] . GJIC and Cx43 expression are markedly suppressed in human lung carcinoma [27] .
As an important cell messenger, Ca 2+ can regulate the cell growth, secretion and transportation. It influences the DNA duplicate or RNA expression including some protooncogene and tumor-suppressor gene expression [28] . Recent studies showed that the correlation between the cell Ca 2+ concentration and the cancer cell proliferation, apoptosis, invasion and transfer [28, 29] . GJIC was regulated by the expression of Ca 2+ dependent cell adhesion molecule in mouse epidemic cells [30] .
Tea [Camellia sinesis (Theacacea)] is considered to be the second popular beverage compared with water. Tea polyphenols are chemical compounds such as flavanoids and tannins found in tea, which have effects on cancer prevention, inhibition and anti-metastasis. The tea polyphenol concentration is 10% -30% in the different kind tea. The cancer preventive activities have been demonstrated in many different animal models. Results from epidemiological studies as well as laboratory experiments suggest that tea consumption confers protection against the cancer development [31] [32] [33] [34] [35] [36] . Out of total 21 studies on the effect of tea on lung tumorigenesis, 19 studies showed inhibitory effects [37] [38] [39] [40] [41] .
Lung cancer is one of the most common death of cancer all over the world [42] [43] . Evidence from in vitro and in vivo experiments suggested that tea polyphenols protect against lung cancer through their antimutagenic and antioxidant properties [44] [45] [46] [47] [48] . The present study try to investigate tea polyphenols effect on the high metastatic human lung carcinoma through studying intracellular calcium concentration, Cx43 expression and GJIC function in vitro, so as to understand the mechanism of tea polyphenols treating high metastatic human lung carcinoma.
Materials and Methods

Materials
Tea polyphenols were products from Chinese Tea Institute, Hangzhou, Zhejiang, China. The 0.25% trypsin, RPMI 1640 medium, 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenytetrazoliumromide (MTT), dimethly sufoxide (DMSO), Ca 2+ fluorescent probe fluo-3AM and 5, 6-oxygen fluorescein vinegar salt (5,6-CFDA) were purchased from Sigma Co. Mouse anti-human Cx43 monoclonal antibody, FITC-labeled goat anti-mouse mAb IgG were purchased from Zymed C., USA. The irrelevant mouse mAb IgG was purchased from Beijing Zhongshan Company. FACsort flow cytometry came from BD Co., USA and the laser scanning confocal mircroscopy was ZEISS LSM 510 product, German.
Cell Culture
PG cells from highly metastatic human lung cancer cell lines, which was with 10% inactivated fetal calf serum in RPMI1640 culture medium, was provided by Zhejiang Cancer Institute, Hangzhou, Zhejiang, China.
Grouping
There were four groups: Control group was not treated by tea polyphenols; Polyphenol groups including 3 groups were treated by the tea polyphenols with 25, 50, 100 and 200 μg/ml concentration.
Cytotoxicity Test (MTT)
Take logarithmic growth of human lung cancer cell lines (PG cells) 1.0 × 10 6 /ml packing in 96 holes for experimental groups and five parallel holes for each group. Put them at 37˚C for 72 h, then add MTT solution to culture for 4h. Before testing, add DMSO to them. The OD value of each well was determined by DG3022 enzyme-linked detector using 570nm wavelength after the crystals dissolved. Calculate growth inhibition rate according to the following formula: Growth inhibition rate (%) = (1 -polyphenol group mean OD value/control group mean OD value) × 100%.
Cell Cycle Phase Determination
Cell cycle phase was determined by flow cytometry detect after tea polyphenols treating PG cells. The cell cycle proportion, proliferation index (PI) calculated were calculated as follows: PI (%) = (S + G2/M)/(G0/G1 + S + G2/M) × 100%.
Intracellular Ca 2+ Concentration Measurement
The cell concentration was adjusted to 2 × 10 6 /ml. Centrifuge, drawout the supernatant, add 2 ml Hank solution to soluate the deposit. After adding a final concentration of 10μmol/L of Ca 2+ fluorescence light probe, shock it in a water bath at 37˚C incubation for 45min, and then wash two times by Hank solution. At the end, intracellular Ca 2+ concentration was meaused in 2ml float solution using laser confocal microscopy.
GJIC Function Test
Depending on the technique of fluorescence recovery after photo bleaching (FRAP), the fluorescence recovery speed (GJIC function) of lung cancer PG cells was measured by laser confocal microscope. After the PG cells being to conventional monolayer culture, the cells were washed four times with PBS containing Ca 2+ , Mg 2+ . Plus 10μg/ml fluorescent dye 5,6-CFDA 0.5 ml for 37˚C incubation 20min. Wash 4 times with PBS containing Ca 2+ , Mg 2+ to wash drawout the excess extracellular dye. After adding a small amount of serum-free medium, the GJIC function was measured by FRAP. Using microscope (×40-fold oil immersion), complete the bleach definition in the list of cells or regions of interest (ROI), and the process of "Bleach/Time Series Scan". The scan images of ROI after bleaching at different intervals (1.5 min) showed the fluorescence recovery of bleached fluorescent cells and the fluorescence changes of their adjacent unbleached cells. All FRAP experiments, which included dye loading, rinsing, cell selection, quenching cell and scanning, should be completed within 30min when the cell monolayer were not in the culture state.
Cell Gap Junction Protein (Cx43) Determination
Polyphenol groups were added different tea polyphenols dosage (25, 50, 100 or 200 μg/ml) in RPMI 1640 cell culture medium, whereas control group was added only physiological saline in RPMI 1640 cell culture medium. The PG cells were cultured for 72h. The cell suspension was obtained after 0.25% trypsin digestion. RPMI 1640 medium was added to 20ml/L normal goat serum at 4˚C 30min for closing. 
Statistical Analysis
Each experiment was repeated 3 times. The data were treated with SPSS 9.0 software package t test and χ 2 test.
Results
Tea Polyphenols Killed PG Cells via Inhibiting the Cell Activity and Proliferation Cycle
Tea polyphenols could kill PG cells via inhibiting the cell activity and proliferation cycle in a dose-dependent manner, in which tea polyphenols in the concentration of 50 μg/ml began to show some of the destruction. After 72 h that tea polyphenols effected, it showed that the rate of PG cells in G2/M and S phase decreased, and PG cells were blocked in G0/G1 phase. Copmared with the control group, the PG cell proliferation index (PI) decreased in different polyphenol group. Specially in the tea polyphenols in the concentration with 50 μg/ml, 100 μg/ml or 200 μg/ml treatment, the PI was significantly lower than that in control group (P < 0.05 or 0.01) ( Table 1) .
Tea Polyphenols Increased PG Cell Intracellular Ca 2+ Concentration, GJIC Function and Cx43 Expression
After the treatment with tea polyphenols, PG cell intracellular Ca 2+ concentration, GJIC function and Cx43 expression were increased in a dose-dependent manner, specially in the polyphenol group the tea polyphenols in the concentration with 50 μg/ml, 100 μg/ml or 200 μg/ml treatment, the PG cell intracellular Ca 2+ concentration, GJIC function and Cx43 expression were significantly higher than those in control group (P < 0.05 or 0.01) ( Table 2 ).
Discussion
Although the anti-cancer effects of tea polyphenols have been widely studied, the core mechanism is still unclear. Many scientists believe that the anti-cancer effects of tea polyphenols are through antioxidant, anti-mutagenic and anti-metastasis [49] . The present MTT test showed that tea polyphenols in 25 μg/ml -200 μg/ml concentration inhibited PG cell cytotoxic activity and in 50 μg /ml or 
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Metastatie Lung Carcinoma Cell Line 67 more concentration had killed PG cell effect, which role strengthen showed the dose-dependent relationship. The present flow cytometry studied the effect of tea polyphenols in 25 μg/ml -200 μg/ml concentration on PG cell growth cycle, which showed that in the tea polyphenols could increase PG cells in G0/G1 phase (block in G0/G1 phase), decreased PG cell PI in a dose-dependent manner. The data indicated that tea polyphenols might inhibit PG cell growth, which was mainly blocked the transformation from G1 to S phase and affected DNA synthesis, so as to inhibit the cell proliferation. GJIC function plays an important role in tumor metastasis. GJIC has been implicated in the regulation of homeostasis and a diverse array of cellular functions related to cell specialization, growth and differentiation [3] . In different stages of tumor metastasis, GJIC function shows different effect, sometimes enhance and sometimes weaken, because of Cx gene mutations and the role of cell surface adhesion molecules [50] . Tomai et al. study has shown that only 2 lung cancer cell lines have a wide GJIC function in 17 lung cancer cell lines, and 16 fresh lung tissues do not show GJIC function [51] . The fiber cells that are isolated from the same lung tissue have a wide GJIC function, and GJIC relates with lung cancer metastasis closely, which shows some prognostic value. Connexin gene is a tumor-suppressor gene family, several studies have indicated an inverse correlation between Cx43 expression and tumor grade [52, 53] . The experiment that the wild-type connexin genes were transfected into tumor cells, has shown that it inhibits tumor growth, increases GJIC and caused the tumor cells in normal growth status [54] . Zhang ZQ et al. found that Cx43 mRNA and protein levels were in a high expression, Cx43 protein immunofluorescence distributed in the site of gap junction, GJIC function enhanced, and Cx43 showed functional expression in the normal human embryonic lung cells [55] . Many human tumors, including lung cancer, have been reported to be deficient in expression of Cx43 mRNA and protein levels [15] [16] [17] [18] [19] 56] . In contrast with the normal, the human lung cancer PG cell Cx43 did not express in both mRNA and protein levels, and showed the defect in the cell communication. Banoub et al. discovered that DB-cAMP inhibited cell proliferation, induced increase of Cx43 expression and GJIC function, and the growth inhibition related with the increase of GJIC function after DB-cAMP affecting the mouse lung epithelial cells in the malignant transformation [57] . Increase of the GJIC function and Cx43 expression could promote extracellular signal transduction so as to regulate many cell functions including cell proliferation, differentiation, metabolism. The present study showed that tea polyphenols not only inhibited the lung cancer PG cell growth but also increased GJIC function and Cx43 expression in a dose-dependent manner, through the lung cancer PG cells had low GJIC function and Cx43 expression. The data suggested that anti-tumor effect of tea polyphenols might relate with the GJIC function regulation and Cx43 expression level.
Many studies have shown that intracellular Ca 2+ concentration relates with the cancer cell proliferation, apoptosis, invasion and metastasis [58] . Ca 2+ concentration can activate the endogenous enzymes and induce DNA degradation in the nuclear body so as to block the cell growth cycle. The present showed that tea polyphenols increased the intracellular Ca 2+ concentration in lung cancer PG cells in a dose-dependent manner. The increase of the intracellular Ca 2+ concentration, which acted as a second messenger substances in PG cell signaling processes, might enhanced GJIC function and Cx43 expression so as to inhibit the PG cell growth and metastasis.
In conclusion, the present made the clear that 1) tea polyphenol could kill the PG cells from a high metastatic human lung carcinoma cell line in a dose-depent manner, which inhibited the PG cell proliferation and blocked the PG cell cycle progression staying in G0/G1 phase and not transfering in S and G2/M phases, so as to reduce the PG cell proliferation index; 2) the increases of intracellular Ca 2+ concentration, GJIC and Cx43 expression were related with the tea polyphenol dose. The data suggested that tea polyphenol could inhibit the growth of PG cells from a high metastatic human lung carcinoma cell line, which mechanism was associated with the up-regulation of GJIC. Although intracellular Ca 2+ concentration, GJIC function and Cx43 expression show a parallel relationship, it is not clear how Ca 2+ acted as a second messenger substances of PG cell signaling processes to enhance GJIC function and Cx43 expression.
While Cx43 has received much attention for its role as a growth suppressor, several studies have implicated a role for Cx43 in both physiological and pathological cell motility [59, 60] . In the context of gliomas, studies directly examining Cx43 have indicated a positive correlation with motility and/or invasion [61] [62] [63] . Recent studies have revealed a new emerging role of Cx43 in promoting cell migration, such as in normal brain development [64, 65] and in enhancing glioma invasion [61, 62, 66, 67] . It is clear that Cx43 expression is highly heterogeneous, and its level of expression may be dependent on the local tumor microenvironment, such as the presence of Cx43-expressing non-transformed astrocytes within the tumor core (Sin et al., unpublished data) . Therefore, it is conceivable that Cx43 may perform different functions depending on the cellular status of the tumor [68] . Our results show that tea polyphenol could inhibit the growth of PG cells, which mechanism was associated with the up-expression of Cx43 and up-regulation of GJIC. The
